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license (http://creativelucinations in patients with probable Alzheimer’s disease (AD), and is still inconclusive on contrib-
utive factors to hallucinations in AD.
Methods: This study assessed prevalence, associated factors and clinical characteristics of halluci-
nations in 1227 patients with probable AD, derived from a tertiary memory clinic specialized in early
diagnosis of dementia. Hallucinations were assessed with the Neuropsychiatric Inventory.
Results: Hallucination prevalence was very low, with only 4.5% (n 5 55/1227) affected patients.
Hallucinations were mostly visual (n 5 40/55) or auditory (n 5 12/55). Comorbid delusions were
present in over one-third of cases (n 5 23/55).
Hallucinations were associated with increased dementia severity, neuropsychiatric symptoms, and a
lifetime history of hallucination-evoking disease (such as depression and sensory impairment), but
not with age or gender.
Discussion: In the largest sample thus far, we report a low prevalence of hallucinations in probable
AD patients, comparable to rates in non-demented elderly. Our results suggest that hallucinations are
uncommon in early stage AD. Clinicians that encounter hallucinations in patients with early AD
should be sensitive to hallucination-evoking comorbidity.
 2018 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).Keywords: Alzheimer’s disease; Hallucinations; Low prevalence; Comorbidity; Dementia severity1. Introduction
Hallucinations occur in a variety of psychiatric, neuro-
logic, and somatic disorders, as well as in the general
population [1]. Their presence can induce distress and
impair daily functioning toward a stage that professionaldeclared that no conflict of interest exists.
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tions can improve both clinical assessment and treatment
[1,2].
Reported prevalence rates of hallucinations in patients
with probable Alzheimer’s disease (AD) vary widely
from 7% to 35% [3], averaging at 13.4% (“Research
in context”; Supplementary Fig. 1, Supplementary
Tables 1ab). Their presence has been repeatedly associ-
ated with more severe cognitive and functional decline,
earlier institutionalization, higher burden of disease,
and increased mortality [4]. It is therefore essential to
better understand hallucinations in AD.imer’s Association. This is an open access article under the CC BY-NC-ND
en from ClinicalKey.com by Elsevier on April 03, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.
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tions in probable AD is large and complicates compara-
bility of study results [3]. As such, current literature is
not conclusive on potentially contributive factors, such
as dementia severity [3]. Also, the possibility of other di-
agnoses and medication use as alternative contributing
factors to hallucinations in patients with probable AD is
often underexposed.
The present study tries to improve the understanding of
these uncertainties by studying hallucinations in a large
sample of patients with probable AD, derived from a ter-
tiary research memory clinic specialized in early detec-
tion of dementia [5]. We assessed the prevalence and
phenomenology of hallucinations and studied potentially
associated factors by comparing hallucinating and non-
hallucinating participants on demographics, dementia
stage and severity, other neuropsychiatric symptoms,
and medical history and use of medication that can trigger
hallucinations.2. Methods
We retrospectively included all patients with probable
AD from the Amsterdam Dementia Cohort [5], who were
seen between January 2005 and January 2018, and studied
with the Neuropsychiatric Inventory (NPI) [6] duringTable 1





Age (yrs) 67.2 (62.5–72.6)
MMSE score*,z 19 (13–22)
CDR*,z 1 (1–2)
Total NPI score* 24 (13–34)
Total NPI score (excl. hallucination items)* 22 (10–29.5)
n (%)
Female gender 27 (49.1)




Use of hallucination-inducing medicationy,z,{ 31 (56.4)
Abbreviations: AD, Alzheimer’s disease; CDR, clinical dementia rating; IQR, in
chiatric Inventory.
NOTE. Results that are statistically significant (P , .05) are listed in bold.
*Statistically significant (P , .05).
yTrend level of statistical significance (P , .1).
zMissing data inMMSE (n5 15, of which 4 in Hall (1) group) and CDR (n5 11
medication use (n 5 6) were supplemented by reviewing patient’s charts.
x1 relevant diagnosis in medical history (diagnosis considered “relevant” if
Schizophrenia spectrum disorder; Mood disorder; Anxiety disorder; Persona
impairment; Visual impairment; Epilepsy; Systemic lupus erythematosus; Autism
{Use of 1 hallucination-inducing medication: Antidepressants (selective sero
cyclic antidepressants, monoamine oxidase inhibitors); Benzodiazepines; Oral a
Oral beta-blockers; Opiates; Lithium; Methylphenidate; Modafinil; Memantine;
pump inhibitors; Clonidine; Baclofen; Disulfiram.
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All participants fulfilled criteria for probable AD as
formulated by the National Institute for Neurological
and Communicative Disorders/Alzheimer’s Disease and
Related Disorders Association [7] and had been diag-
nosed within 30 days from their initial visit. Diagnosis
was based on standardized multidisciplinary assessment,
including patients’ history, neurological examination, vi-
tal functions, neuropsychological assessment, whole-
brain magnetic resonance imaging, electroencephalog-
raphy and routine serum laboratory, and cerebrospinal
fluid sampling in a subsample [5].
NPI assessment was conducted in patients’ caregivers, by
a specialized dementia research nurse during the study day.
A participant was considered “hallucinating” if he/she had a
frequency score of 1 on the NPI hallucination subscale.
Further details on hallucination phenomenology were
retrieved with hallucination items of the NPI, and, if neces-
sary, by reviewing patients’ charts. The overall presence and
severity of neuropsychiatric symptoms were based on total
NPI scores.
Subjects’ medical history was dichotomously marked
as relevant if one or more diagnoses had ever been pre-
sent, in which hallucinations are reportedly part of the
associated symptomatology, as stated by recent overview
articles [1,8] (listed in Table 1). Similar dichotomizationh (1) and without (2) hallucinations (n 5 1227)
Hall (2)
n 5 1172 Statistics
Median (IQR) P Z U
66.7 (60.5–72.3) .44 .78 34,226.5
21 (17–24) ,.001 23.7 20,674.0
1 (0.5–1) .003 3.0 31,829.5
8 (3–16) ,.001 7.1 48,802.0
8 (3–16) ,.001 5.8 45,475.5
n (%) P c2 df
602 (51.4) .74 .11 1
84 (7.2) ,.001 72 1
299 (25.2) .036 4.4 1
517 (44.1) .074 3.2 1
terquartile range; MMSE, Mini-Mental State Examination; NPI, Neuropsy-
8, of which 6 in Hall (1) group).Missing data onmedical history (n5 3) and
hallucinations have been reported to occur as a comorbid symptom [1,8]):
lity disorder; Posttraumatic stress disorder; Substance abuse; Hearing
spectrum disorder; Delirium.
tonin reuptake inhibitors, serotonin-norepinephrine reuptake inhibitors, tri-
nticholinergic drugs; Dopaminergic drugs (dopamine agonists, levodopa);
Betahistine; Oral antihistaminergic drugs; Antimigrainous drugs; Proton
en from ClinicalKey.com by Elsevier on April 03, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.
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lucinations listed as a side effect [9], referred to as
hallucination-inducing medication (Table 1). Ranking
of relevant history and medication was performed inde-
pendently by two authors (M.D. and M.M.J.L.); discrep-
ancies were solved by consensus. Dementia severity was
based on scores from the Mini-Mental State Examination
(MMSE) (27–30 no dementia, 20–26 mild dementia, 10–
19 moderate, and 0–9 severe) [10] and the Clinical De-
mentia Rating (CDR) [11].
Confidence intervals (95%) for prevalence rates of hallu-
cinations were calculated using Clopper-Pearson’s exact
method in R, version 3.2.0, package PropCIs. Hallucinating
and nonhallucinating subjects were compared using chi-
square tests for categorical variables and Mann-Whitney
U-tests for continuous variables, using IBM SPSS Statistics,
version 22. The level of two-tailed significance was set at
P , .05.3. Results
Out of 1545 patients diagnosed with probable AD during
baseline screening between January 2005 and January 2018,
1227 subjects (79.4%) had NPI data available, with a mean
age of 66.6 (standard deviation 7.9) (Supplementary Fig. 2).
Supplementary Table 3 shows basic characteristics of the
included sample (n 5 1227). There were no substantial dif-
ferences between the group with and without NPI data
(Supplementary Table 2).
Hallucinations occurred in 55 out of 1227 participants
(4.5%; 95% confidence interval 3.4%–5.8%).
The 55 hallucinating subjects mainly reported experi-
ences in the visual (n 5 40; 73%) or auditory modality
(n 5 12; 22%). A smaller group reported olfactory
(n 5 5; 9%) and tactile hallucinations (n 5 3; 5%); hallu-
cination modality was unknown in 10 participants (18%).
According to the NPI, delusions were present in 23 hallu-
cinating participants (42%), of which paranoia (n 5 9),
home intruders (n 5 10) and theft (n 5 12) were reported
most frequently.3.1. Associated factors
Hallucinating subjects showed significantly higher per-
centages of comorbid delusions than nonhallucinating sub-
jects and had higher total NPI scores (Table 1). The
percentage of subjects with a history of hallucination-
associated disease was higher in those with hallucinations
(Table 1). At trend level significance, the percentage of
hallucination-inducing medication use appeared higher in
the hallucinating group.
Hallucinating subjects had significantly lower MMSE
scores and a significantly increased CDR in comparison
with the nonhallucinating subjects (Table 1). Stratification
for severity of dementia resulted in statistically significantDownloaded for Anonymous User (n/a) at University of Groning
For personal use only. No other uses without permission. Cdistributions for both MMSE (c2 12.3, P .006, df 3) and
CDR (c2 11.7, P .020, df 4) and an increasing percentage
of hallucination prevalence with dementia severity (Fig. 1,
Supplementary Fig. 3). No differences were observed with
regard to age or gender (Table 1).4. Discussion
In the largest sample of patients with probable AD to
date, consisting predominantly of patients with early stage
disease and relatively young age, we observed a remarkably
low prevalence of hallucinations (4.5%) in comparison with
existing literature (Supplementary Fig. 1). In studies from
comparable research clinics, even the lowest reported prev-
alence (7.0%) [12] exceeded the upper bound of our 95%
confidence interval (5.8%). In 188 subjects with mild
probable AD,Wadsworth et al. [13] described a similar prev-
alence to ours (5.3%) but excluded subjects with comorbid
psychiatric or neurological disorders.
The hallucination prevalence in this sample is compara-
ble to the NPI-based prevalence of hallucinations in a non-
demented population sample aged 65 years (4.5%;
n 5 80/1781) [14]. Because our sample is derived from a
research clinic specialized in diagnosis of early stages of
dementia [5], the finding of a near-normal prevalence of
hallucinations within this sample suggests that hallucina-
tions should not be considered a common symptom in early
stage AD (in contrast to dementia with Lewy bodies).
Indeed, we observed significant associations between the
presence of hallucinations and both decreasedMMSE scores
and an increased CDR. Hallucination prevalence rates
increased with intensifying categories of dementia severity,
with percentages up to 10% in the group with MMSE scores
of 10 or less. These observations correspond with previous
studies suggesting the uncommonness of hallucinations in
early stage AD [15–17] and an increase in cumulative
hallucination prevalence with disease progression [17].
The mean age of our sample was younger than that of other
cohorts [3], but, in our sample, hallucinating and nonhalluci-
nating subjects’ age did not differ significantly.
Thirty-eight percent of hallucinating subjects reported a
lifetime history of hallucination-evoking diagnoses; signifi-
cantly higher than the nonhallucinating control group (25%).
A similar trend was observed with regard to the use of
hallucination-inducing medication. Also, hallucinating sub-
jects had a significantly elevated NPI score regardless of the
hallucination score, indicating an increased overall presence
and severity of neuropsychiatric symptoms. These observa-
tions imply that the presence of hallucinations in our sample
does not necessarily have to be attributed to a diagnosis of
AD alone but may also be evoked by other diagnoses or
medication use. This implication stresses the importance
of proper hallucination assessment in patients with AD. Cli-
nicians who encounter hallucinations in patients with ADen from ClinicalKey.com by Elsevier on April 03, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.
Fig. 1. Prevalence of hallucinations, as stratified for dementia severity based on MMSE scores (total n5 1227). Error bars indicate lower and upper borders of
95% confidence intervals. MMSE data were missing in 15 subjects, 4 of which reported hallucinations. Distribution was statistically significant (c2 12.3, P .006,
df 3). Abbreviation: MMSE, Mini-Mental State Examination.
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lucinations occur, such as dementia with Lewy bodies,
delirium, psychotic or affective disorders, and sensory
impairment, so that treatment options can be properly
adjusted [1]. As such, we recommend clinicians who
encounter hallucinations in early stage AD patients to
actively approach them within the context of medication
use and current and prior disease.4.1. Limitations
Most included subjects were not seen for follow-up visita-
tions. Hence, wewere not able to study the course and occur-
rence of hallucinations and AD diagnosis longitudinally.
As hallucinations are based on subjective experiences, us-
ing caregiver-based assessment may have led to underreport-
ing of hallucinations. It would be of added value to replicate
hallucination assessment in a similar sample with an alterna-
tive but equally valid patient-based questionnaire and
compare this to caregiver-based results. The screener
version of the Questionnaire for Psychotic Experiences
may be a promising alternative for this purpose [18].
NPI data were not available for all patients seen during
the inclusion period. Although the included sample remains
large, this may have influenced generalizability.
Finally, due to the retrospective study design, assessment
of hallucination-associated diagnoses was limited to incor-
poration of lifetime medical history. As a result, we cannotDownloaded for Anonymous User (n/a) at University of Groning
For personal use only. No other uses without permission. Cattribute any time-related associations to the occurrence of
hallucinations and potentially relevant diagnoses in our sam-
ple. Ideally, future studies on hallucinations in probable AD
should incorporate current comorbidity to assess its influ-
ence more extensively.5. Conclusion
In the largest sample of patients with probable AD thus
far, predominantly in early stages, we found hallucinations
in only 4.5%, similar to rates in nondemented elderly. Our
findings substantiate that hallucinations are not common in
early stage AD, but their prevalence increases with higher
severity of dementia. In early stage AD, hallucinations
may have different etiologies and should prompt accurate
differential diagnosis, including sensory impairment, psy-
chiatric diagnoses, and medication use.Acknowledgments
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1. Systematic review: In extension to a recent meta-
analysis by Zhao et al. (2016), we performed a meta-
analysis on hallucination prevalence in patients with
probable Alzheimer’s disease (AD) by searching a
common scientific database (PubMed/Medline) on
October 4, 2017. The average prevalence was 13.4%
(95% confidence interval 10.5–16.9). Included studies
and calculations are presented inSupplementary Fig. 1
and Supplementary Tables 1ab.
2. Interpretation: At 4.5%, we observed a substantially
low prevalence of hallucinations in probable AD in
comparison with existing literature and the outcome
of the meta-analysis. We attribute this to the
uncommon appearance of hallucinations in early
stages of AD, which is consistent with earlier findings.
3. Future directions: In patients with hallucinations in
early stages of probable AD, we suggest to include
the following factors in future studies and clinical
assessment (a) the presence of other diagnoses (i.e.,
sensory impairment or dementia with Lewy bodies)
and population-based factors that may evoke hallu-
cinations, and (b) the use of hallucination-inducing
medication.References
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